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METHOD AND APPARATUS FOR
SYNCHRONIZING SIGNALS OF SIGNAL
MEASURING DEVICES

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority to Korean patent
applications 10-2022-0025240, filed Feb. 25, 2022, and
10-2022-0085018, filed Jul. 11, 2022, the entire contents of
which are incorporated herein for all purposes by this
reference.

BACKGROUND OF THE INVENTION
Field of the Invention

The present disclosure relates to a method and apparatus
for synchronizing signals, and more particularly, to a method
and apparatus for synchronizing signals of a plurality of
independent signal measuring devices.

Description of the Related Art

Various signal measuring devices like smart phones and
smart watches are being used in our daily lives. There is an
increasing demand for integrating and processing multiple
signals that are measured simultaneously from a plurality of
independent devices. Typical examples are a camera and a
microphone for measuring in a broadcast. Due to environ-
mental restrictions and signal quality, image and voice
signals need to be measured not in a single device but in
multiple independent cameras and microphones, and signals
measured in such independent devices are basically asyn-
chronous with each other, which makes it necessary to
perform an additional post-processing synchronization.

Signals measured from independent devices are asynchro-
nous because the independent devices operate based on
independent system clocks and each of the devices recog-
nizes different times. Even devices manufactured through a
same process have different frequencies of system clocks,
and even when the difference between frequencies is slight,
as the measuring time of signals increases, the different
becomes significant. For the same reason, no accurate digital
clock can be operated without a periodical synchronization
process of satellite time.

SUMMARY

The present disclosure is technically directed to provide a
method and apparatus for synchronizing signals of a plural-
ity of independent signal measuring devices.

Other objects and advantages of the present invention will
become apparent from the description below and will be
clearly understood through embodiments. In addition, it will
be easily understood that the objects and advantages of the
present disclosure may be realized by means of the
appended claims and a combination thereof.

Disclosed herein to a method and apparatus for synchro-
nizing signals. According to an embodiment of the present
disclosure, there is provided a method for synchronizing a
signal. The method comprising: receiving a reference time
and performing time synchronization with the reference
time; calculating a clock frequency of a system clock based
on the reference time; and generating a sampling clock by
using the calculated clock frequency of the system clock and
a preset sampling frequency.
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According to the embodiment of the present disclosure,
the method further comprising synchronizing a phase of the
generated sampling clock at a preset phase synchronization
time point.

According to the embodiment of the present disclosure,
wherein the synchronizing of the phase of the generated
sampling clock receives the phase synchronization time
point from a master device, which provides the reference
time, and synchronizes the phase of the sampling clock at
the received phase synchronization time point.

According to the embodiment of the present disclosure,
wherein the synchronizing of the phase of the generated
sampling clock synchronizes the phase of the sampling
clock through resetting a counter, which generates the
sampling clock, at the phase synchronization time point.

According to the embodiment of the present disclosure,
wherein the performing of the time synchronization per-
forms the time synchronization by receiving, from a master
device, a time of the master device as the reference time.

According to the embodiment of the present disclosure,
wherein the calculating of the clock frequency of the system
clock calculates, based on a preset unit time interval, a clock
number of the system clock in the unit time interval and
calculates the clock frequency of the system clock by using
the calculated clock number.

According to another embodiment of the present disclo-
sure, there is provided an apparatus for synchronizing a
signal. The apparatus comprising: a communication unit;
and a controller, wherein the controller is configured to:
perform time synchronization with a reference time received
through the communication unit, calculate a clock frequency
of'a system clock based on the reference time, and generate
a sampling clock by using the calculated clock frequency of
the system clock and a preset sampling frequency.

According to another embodiment of the present disclo-
sure, there is provided a system for synchronizing a signal.
The system comprising: a master device configured to
provide a reference time; and a plurality of slave devices,
wherein each of the slave devices is configured to: perform
time synchronization with a reference time received through
the master device, calculate a clock frequency of a system
clock based on the reference time, and generate a sampling
clock by using the calculated clock frequency of the system
clock and a preset sampling frequency.

The features briefly summarized above with respect to the
present disclosure are merely exemplary aspects of the
detailed description below of the present disclosure, and do
not limit the scope of the present disclosure.

According to the present disclosure, it is possible to
provide a method and apparatus for synchronizing signals of
a plurality of independent signal measuring devices.

Effects obtained in the present disclosure are not limited
to the above-mentioned effects, and other effects not men-
tioned above may be clearly understood by those skilled in
the art from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view illustrating an example for clock fre-
quency synchronization and phase synchronization.

FIG. 2 is a view illustrating an example for signal
sampling synchronization and sampling clock synchroniza-
tion.

FIG. 3. is a view illustrating a structure of a signal
synchronization system according to an embodiment of the
present disclosure.
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FIG. 4 is view illustrating a configuration of a signal
synchronization device according to another embodiment of
the present disclosure.

FIG. 5 is an example view for describing an operation of
the signal synchronization device of FIG. 4.

FIG. 6 is a flowchart of an operation of a signal synchro-
nization method according to another embodiment of the
present disclosure.

FIG. 7 is a view illustrating a device configuration to
which a signal synchronization device according to another
embodiment of the present disclosure is applicable.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, exemplary embodiments of the present dis-
closure will be described in detail with reference to the
accompanying drawings so that those skilled in the art may
easily implement the present disclosure. However, the pres-
ent disclosure may be implemented in various different
ways, and is not limited to the embodiments described
therein.

In describing exemplary embodiments of the present
disclosure, well-known functions or constructions will not
be described in detail since they may unnecessarily obscure
the understanding of the present disclosure. The same con-
stituent elements in the drawings are denoted by the same
reference numerals, and a repeated description of the same
elements will be omitted.

In the present disclosure, when an element is simply
referred to as being “connected to”, “coupled to” or “linked
to” another element, this may mean that an element is
“directly connected to”, “directly coupled to” or “directly
linked to” another element or is connected to, coupled to or
linked to another element with the other element intervening
therebetween. In addition, when an element “includes” or
“has” another element, this means that one element may
further include another element without excluding another
component unless specifically stated otherwise.

In the present disclosure, elements that are distinguished
from each other are for clearly describing each feature, and
do not necessarily mean that the elements are separated.
That is, a plurality of elements may be integrated in one
hardware or software unit, or one element may be distributed
and formed in a plurality of hardware or software units.
Therefore, even if not mentioned otherwise, such integrated
or distributed embodiments are included in the scope of the
present disclosure.

In the present disclosure, elements described in various
embodiments do not necessarily mean essential elements,
and some of them may be optional elements. Therefore, an
embodiment composed of a subset of elements described in
an embodiment is also included in the scope of the present
disclosure. In addition, embodiments including other ele-
ments in addition to the elements described in the various
embodiments are also included in the scope of the present
disclosure.

In the present document, such phrases as ‘A or B’, “at least
one of Aand B’, ‘at least one of Aor B’, ‘A, Bor C’, “at least
one of A, B and C* and ‘at least one of A, B or C’ may
respectively include any one of items listed together in a
corresponding phrase among those phrases or any possible
combination thereof.

Basically, a clock synchronization process may consist of
(a) frequency synchronization and (b) phase synchroniza-
tion, as illustrated in FIG. 1. A system clock cannot be
controlled, but a clock used for signal sampling may be
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controlled. Herein, as illustrated in FIG. 2, signal synchro-
nization and sampling clock synchronization are different
concepts.

In a signal sampling process, a sampling clock with a
desired low frequency to be measured is made by using a
counter for a system clock with a high frequency, and a
signal is sampled according to the sampling clock. Nor-
mally, an MCU is capable of controlling a precise period
with a plurality of prescaler counters embedded in it. For
example, an ARM cortex M series generates a sampling
clock at a desired sampling frequency through a 16 bit
prescaler counter and a 32 bit auto-reload counter.

As each signal measuring device is likely to have a
different desired sampling frequency, synchronization of a
sampling clock and signal sampling synchronization are not
the same. For example, when desired sampling frequencies
for voice and image are 20,000 Hz and 60 Hz respectively,
if actual sampling clocks have frequencies of 20,200 Hz and
60.6 Hz respectively, clock synchronization is not achieved,
but signal sampling synchronization is achieved. Signal
sampling synchronization between independent devices
means that measurement time point and measurement time
are identical between the respective devices.

Synchronization has become a critical issue in various
fields. As for manufacturing a media image, an error of
several ms is not recognized by viewers, but that of dozens
to hundreds ms is recognizable. In the case of multiple
biometric signal measurements, for example, P300 brain-
wave, blood press estimation and pulse transit time, an error
of several ms causes no serious problem to a multiple
biometric signal analysis, but that of dozens to hundreds ms
may cause a significant mistake in a signal analysis. In an
actual application, a synchronization error within several ms
is permissible.

An existing synchronization method for signals measured
by independent devices (or apparatuses) includes an addi-
tional synchronization work by taking an editing point
(measurement time point and time), for example, a slate in
a film or broadcast. As a voice signal can be resampled
through interpolation, synchronization becomes very simple
when an accurate editing point is known. Herein, resampling
is a process of estimating a synchronous signal, not sampling
an original signal again. In other words, the accuracy of a
resampled signal may be lowered even to a slight extent.
Furthermore, since an additional post-processing (batch
processing) synchronization work is necessary, the problem
is that efficiency is lowered and an application is difficult to
use in real time.

Various techniques for synchronizing time between
devices have been proposed. The precision time protocol
(IEEE 1599), which is a representative one, is a technique of
synchronizing time between a master device and a slave
device. This technique enables precise time synchronization
with an error of several ms and below at a synchronization
time point but long-term signal sampling synchronization is
not possible.

Another conventional technique shared a sampling clock
or trigger as a scheme for sampling synchronization. Such a
clock or trigger sharing scheme is hardly applicable to a case
in which devices desire different sampling frequencies, and
due to propagation delay in wired communication and
latency in wireless communication, accurate sharing of a
sampling clock and a trigger is unstably obtained. Even
when a trigger signal is accurate, constant sampling clock or
trigger sharing is very redundant. These problems of inac-
curacy and low efficiency are greater in wireless communi-
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cation than in wired communication and, in wireless com-
munication, become greater as the communication distance
increases.

In embodiments of the present disclosure, the main idea
is to perform signal synchronization of independent devices
without a separate post-processing process, for example,
signal sampling synchronization.

Herein, in embodiments of the present disclosure, signals
of a plurality of independent devices may be synchronized
by controlling a counter that generates sampling clocks of
independent devices.

In embodiments of the present disclosure, signal sampling
synchronization devices may be distinguished into a master
device, which issues a command, and a plurality of slave
devices that execute synchronization according to the com-
mand.

FIG. 3 illustrates a structure of a signal synchronization
system according to an embodiment of the present disclo-
sure, showing a structure for (a) a case in which a master
device has no GNSS receiver, and (b) a case in which a
master device has a GNSS receiver.

As illustrated in FIG. 3, a signal synchronization system
according to an embodiment of the present disclosure
includes a master device and a plurality of slave devices
(Slave 1, . . ., Slave N) and performs time synchronization
and signal sampling synchronization depending on whether
or not a GNSS (Global Navigation Satellite Systems)
receiver is installed, that is, whether or not a satellite
reception time is available.

In synchronization, as illustrated in FIG. 3A, in case no
satellite reception time is available as when no GNSS
receiver is installed, a master device may use a time of its
own system clock as a reference time of a signal synchro-
nization system, and as illustrated in FIG. 3B, in case a
GNSS receiver is installed, a satellite reception time of the
GNSS receiver may be used as the reference time of the
signal synchronization system. In case a GNSS receiver is
installed both in a master device and in slave devices, a
signal sampling synchronization process may be performed
based on a satellite reception time of the GNSS receiver
without a separate time synchronization process, and other-
wise, a slave device performs time synchronization with the
master device. Herein, time synchronization may use the
precision time protocol (PTP) (IEEE 1599).

That is, a time synchronization system according to an
embodiment of the present disclosure may synchronize the
time of each slave device with that of a system clock of a
master device in order to use the time for the system clock
of the master device as a reference time. Of course, as
described above, a master device may be equipped with a
GNSS receiver or not be equipped with a GNSS receiver,
and a system clock of the master device may be used as a
reference time irrespective of whether or not a GNSS
receiver is used. Even when a slave device is equipped with
a GNSS receiver, the slave device may use time of a master
device as a reference time through time synchronization
with a system clock of the master device.

In an embodiment of the present disclosure, a master
device may be a device for measuring a signal with signal
synchronization with slave devices or be a control device for
providing, to slave devices, information on a reference time
and a phase synchronization time point in which phase
synchronization of a sampling clock of slave devices is
performed. Of course, a master device is not restricted or
limited to a device for performing the above-described
function but may include every kind of devices applicable to
the method, apparatus and system of the present disclosure.
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Each slave device (Slave 1, . . ., Slave N) may calculate
a clock frequency of a system clock by using a reference
time based on time synchronization with a master device,
generate a sampling clock with a sampling frequency
desired by each slave device by using the calculated clock
frequency of the system clock and then perform phase
synchronization of the generated sampling clock at a phase
synchronization time point.

Accordingly, since a sampling clock with a desired sam-
pling frequency is accurately generated and phase synchro-
nization of the sampling clock is performed at a phase
synchronization time point, each slave device may synchro-
nize the sampling clock with another device without a
separate post-processing process.

Such a signal synchronization device will be described
with reference to FIG. 4 and FIG. 5.

FIG. 4 is view illustrating a configuration of a signal
synchronization device according to another embodiment of
the present disclosure, and this view shows a configuration
for a master device or a slave device. The description herein
assumes that the configuration is for a signal synchroniza-
tion device of a slave device.

Referring to FIG. 4, a signal synchronization device 400
according to another embodiment of the present disclosure
includes a communication unit 410, a counter 420, and a
controller 430. Of course, a master device or a slave device
may include not only a configuration means constituting the
signal synchronization device but also every configuration
means necessary for the device, for example, a configuration
means for a memory, an interface device and the like.

As a configuration means performing communication
with a master device, the communication unit 410 receives
a system clock of the master as a reference time in order to
perform time synchronization with the system clock of the
master device and receives phase synchronization time point
reservation information for phase synchronization of a sam-
pling clock. Of course, when the master device has a signal
synchronization device, the communication unit 410 may
perform communication with each slave device.

According to an embodiment, when the master device has
a GNSS receiver, the communication unit 410 may receive
a satellite reception time of the GNSS receiver, or when the
master device has not GNSS receiver, the communication
unit 410 may receive information on a time of a system
clock of the master device.

By control of the controller 430, the counter 420 generates
a sampling clock, which corresponds to a desired sampling
frequency, by using a system clock of a slave device.

The controller 430 is configured to perform time synchro-
nization with a master device by using a reference time
received through the communication unit 410, to calculate a
clock frequency of a system clock based on the reference
time, to control the counter 420 by using the calculated clock
frequency of the system clock and a preset desired sampling
frequency, and to generate a sampling clock corresponding
to the desired sampling frequency.

Herein, the controller 430 may calculate a clock number
of'a system clock in a preset unit time interval, for example,
based on one second, and clearly calculate a clock frequency
of the system clock by using the calculated clock number.
That is, by calculating a clock frequency by using a clock
number of a system clock in a unit time interval, the
controller 430 may clearly calibrate an error of a system
clock frequency that is likely to occur according to a
product. Accordingly, the controller 430 may remove an
error of a sampling clock, which may occur due to an error
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of a system clock frequency, and thus generate a sampling
clock corresponding to a desired sampling frequency.

Furthermore, according to phase synchronization time
point reservation information that is received from a master
device through the communication unit 410, the controller
430 synchronizes a phase of a sampling clock at a phase
synchronization time point.

Herein, by synchronizing a phase of a sampling clock
through resetting the counter 420 at a phase synchronization
time point, the controller 430 may synchronize the phase of
the sampling clock not only with a master device but also
with other slave devices.

Such an operation of the signal synchronization device
400 will be further described below with reference to FIG.
5.

FIG. 5 is an example view for describing an operation of
the signal synchronization device of FIG. 4, FIG. 5A is an
example view for describing a frequency synchronization
process, and FIG. 5B is an example view for describing a
phase synchronization process.

A signal sampling synchronization process consists of a
frequency synchronization process and a phase synchroni-
zation process, and the frequency synchronization process
can be described as follows with reference to FIG. 5A.

As illustrated in FIG. 5A, in the frequency synchroniza-
tion process, (a) time synchronization is performed twice at
two different time points, for example, at the start time and
end time of a preset unit time interval, and (b) the number
of a system clock is calculated and a clock frequency of an
actual system is calculated between the two synchronization
time points. That is, the controller calculates a clock fre-
quency of an actual system by calculating the number of a
system clock within a unit time interval through time
synchronization performed twice. In addition, (¢) a sampling
clock corresponding to a desired sampling frequency is
generated by fine-tuning a counter for a system clock and a
counter for a sampling clock from a clock frequency of a
system.

In case both a master device and a slave device have a
GNSS receiver embedded in them, frequency synchroniza-
tion may be performed using a pulse per second (PSS) signal
without a separate time synchronization process. In this
case, an interval between synchronization time points may
be a preset time, for example, one second. On the other hand,
in case there is no GNSS receiver, since a system time of a
master device becomes the criterion of synchronization, the
master device may require only the time synchronization
process described in (a) but not the subsequent frequency
synchronization process described in (b) and (c) above.

The phase synchronization process can be described as
follows with reference to FIG. 5B.

As illustrated in FIG. 5B, in the phase synchronization
process, (i) a phase synchronization time point is reserved
through communication between a master device and a slave
device. Herein, after the reservation, the synchronization
time point may be recognized by using a satellite reception
time or a system clock of each device. (ii) Each device, for
example, the master device and each of a plurality of slave
devices may generate a sampling clock through resetting a
counter for the sampling clock at the phase synchronization
time point, thereby performing the phase synchronization
process for the sampling clock.

Since a time point of synchronizing with a slave device
cannot be known to the master device due to the propagation
delay and latency in communication, a phase synchroniza-
tion time point is reserved and then a phase synchronization
process is performed in each device. When phase synchro-
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nization is performed in this manner, the propagation delay
and latency of communication are not influential so that
synchronized devices are not restricted to a distance between
them. Herein, the phase synchronization process may be
performed with a signal measurement start command.

As a sampling clock is controlled based on a synchronized
reference time, synchronization is possible even when two
devices have different desired frequencies, for example,
20,000 Hz and 60 Hz. Fine-tuning of a counter may be
controlled through selection of a prescaler counter, a change
of auto-reload register value and the like. Phase synchroni-
zation for two devices has been described, but the present
disclosure is not restricted or limited thereto, and phase
synchronization of a plurality of devices, for example, slave
devices or between a master device and slave devices may
be performed through the above-described process.

Although the above process is described to be performed
in a slave device, it may also be performed in a master
device. That is, time synchronization process is not per-
formed in a master device, but it is possible to perform a
process of calculating a system clock frequency and gener-
ating a sampling clock with a desired sampling frequency by
using the calculated system clock frequency and a process
for phase synchronization between the generated sampling
clock and a sampling clock of slave devices.

Thus, a phase synchronization system or device according
to embodiments of the present disclosure may perform
signal synchronization of independent devices, for example,
signal sampling synchronization without a separate post-
processing process.

In addition, when satellite reception time information of
a GNSS receiver is available, since synchronization of
sampling frequency is possible without communication
between a master device and a slave device, a phase syn-
chronization system or device according to embodiments of
the present disclosure may be used for calibration of a
sampling frequency of a stand-alone device, and time syn-
chronization necessary for a signal sampling synchroniza-
tion process (e.g., precision time protocol (IEEE 1599)),
utilization of satellite reception time of a GNSS receiver, and
a phase synchronization process may not be influenced by a
distance between devices.

The conventional signal synchronization techniques use
synchronization by post-processing after signal measure-
ment and share of a sampling clock, and the synchronization
by post-processing after signal measurement has the prob-
lem of inefficient post-processing, and the share of a sam-
pling clock has the problem that an unstable sampling clock
should be constantly transmitted and received. Specifically,
the share of a sampling clock is difficult to perform syn-
chronization when sampling frequencies of signals are dif-
ferent, for example, there are different sampling frequencies
of 20,000 Hz and 60 Hz. On the other hand, a phase
synchronization system or device according to embodiments
of the present disclosure has time information shared
between independent terminals or devices and thus enables
efficient and stable signal synchronization without an inef-
ficient post-processing process and unstable sharing of a
clock, and it has great advantages that, even when sampling
frequencies of signals are different, synchronization may be
performed without problem and a distance between measur-
ing devices is not influential. The above-described advan-
tages of stability and efficiency appear to be much more
remarkable in a wireless environment, and when every
device is capable of receiving satellite GNSS, synchroniza-
tion may be performed very accurately.
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FIG. 6 is a flowchart of an operation of a signal synchro-
nization method according to another embodiment of the
present disclosure, and this flowchart shows an operation of
a device in FIG. 1 to FIG. 5. Hereinafter, the flowchart will
describe an operation of a slave device.

Referring to FIG. 6, a signal synchronization method
according to another embodiment of the present disclosure
performs time synchronization with a reference time of a
master device and calculates a clock frequency of a system
clock used in the device based on the reference time of the
time synchronization (S610, S620).

Herein, the step S610 may be skipped when both the
master device and a slave device have a GNSS receiver, and
the process may be performed when the master device has
no GNSS receiver or the slave device has no GNSS receiver.

The reference time of step S610 may mean a time of a
system clock in the master device, and when there is a GNSS
receiver, it may be a satellite reception time.

At step S620, a clock number of the system clock of the
device may be calculated or detected by performing time
synchronization twice for a preset time unit, for example,
start and end time points of one second, and a clock
frequency of the system clock may be calculated by using
the clock number of the system clock in the unit time
interval.

When the clock frequency of the system clock is calcu-
lated at step S620, a sampling clock with a desired sampling
frequency is generated by controlling a counter by means of
the calculated clock frequency of the system clock and a
sampling frequency desired at a slave device (5630).

When the sampling clock with the desired sampling
frequency is generated at step S630, phase synchronization
of the sampling clock is performed at a preset phase syn-
chronization time point, for example, a phase synchroniza-
tion received from the master device (S640).

Herein, at step S640, as the counter is reset at the phase
synchronization time point and then the phase of the sam-
pling clock is synchronized, the phase of the sampling clock
may be synchronized not only with the master device but
also with other slave devices.

Although not described in the method of FIG. 6, a method
according to an embodiment of the present disclosure may
include all the contents described in a device and system of
FIG. 1 to FIG. 5, which is apparent to those who have skill
in the art.

FIG. 7 is a view illustrating a device configuration to
which a signal synchronization device according to another
embodiment of the present disclosure is applicable.

The signal synchronization device according to an
embodiment of the present disclosure of FIG. 4 may be a
device 1600 of FIG. 7. Referring to FIG. 7, the device 1600
may include a memory 1602, a processor 1603, a transceiver
1604 and a peripheral device 1601. In addition, for example,
the device 1600 may further include another configuration
and is not limited to the above-described embodiment.
Herein, for example, the device 1600 may be a mobile user
terminal (e.g., a smartphone, a laptop, a wearable device,
etc.) or a fixed management device (e.g., a server, a PC, etc.).

More specifically, the device 1600 of FIG. 7 may be an
exemplary hardware/software architecture such as a signal
measurement device, an image photographing device and an
audio recording device. Herein, as an example, the memory
1602 may be a non-removable memory or a removable
memory. In addition, as an example, the peripheral device
1601 may include a display, GPS or other peripherals and is
not limited to the above-described embodiment.
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In addition, as an example, like the transceiver 1604, the
above-described device 1600 may include a communication
circuit. Based on this, the device 1600 may perform com-
munication with an external device.

In addition, as an example, the processor 1603 may be at
least one of a general-purpose processor, a digital signal
processor (DSP), a DSP core, a controller, a micro controller,
application specific integrated circuits (ASICs), field pro-
grammable gate array (FPGA) circuits, any other type of
integrated circuit (IC), and one or more microprocessors
related to a state machine. In other words, it may be a
hardware/software configuration playing a controlling role
for controlling the above-described device 1600. In addition,
the processor 1603 may be performed by modularizing the
functions of the controller 430 of FIG. 4.

Herein, the processor 1603 may execute computer-ex-
ecutable commands stored in the memory 1602 in order to
implement various necessary functions of the signal syn-
chronization device. As an example, the processor 1603 may
control at least any one operation among signal coding, data
processing, power controlling, input and output processing,
and communication operation. In addition, the processor
1603 may control a physical layer, an MAC layer and an
application layer. In addition, as an example, the processor
1603 may execute an authentication and security procedure
in an access layer and/or an application layer but is not
limited to the above-described embodiment.

In addition, as an example, the processor 1603 may
perform communication with other devices via the trans-
ceiver 1604. As an example, the processor 1603 may execute
computer-executable commands so that the signal synchro-
nization device may be controlled to perform communica-
tion with other devices via a network. That is, communica-
tion performed in the present invention may be controlled.
As an example, the transceiver 1604 may send a RF signal
through an antenna and may send a signal based on various
communication networks.

In addition, as an example, MIMO technology and beam
forming technology may be applied as antenna technology
but are not limited to the above-described embodiment. In
addition, a signal transmitted and received through the
transceiver 1604 may be controlled by the processor 1603 by
being modulated and demodulated, which is not limited to
the above-described embodiment.

While the exemplary methods of the present disclosure
described above are represented as a series of operations for
clarity of description, it is not intended to limit the order in
which the steps are performed, and the steps may be
performed simultaneously or in different order as necessary.
In order to implement the method according to the present
disclosure, the described steps may further include other
steps, may include remaining steps except for some of the
steps, or may include other additional steps except for some
of the steps.

The various embodiments of the present disclosure are not
a list of all possible combinations and are intended to
describe representative aspects of the present disclosure, and
the matters described in the various embodiments may be
applied independently or in combination of two or more.

In addition, various embodiments of the present disclo-
sure may be implemented in hardware, firmware, software,
or a combination thereof. In the case of implementing the
present invention by hardware, the present disclosure can be
implemented with application specific integrated circuits
(ASICs), Digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices
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(PLDs), field programmable gate arrays (FPGAs), general
processors, controllers, microcontrollers, microprocessors,
etc.

The scope of the disclosure includes software or machine-
executable commands (e.g., an operating system, an appli-
cation, firmware, a program, etc.) for enabling operations
according to the methods of various embodiments to be
executed on an apparatus or a computer, a non-transitory
computer-readable medium having such software or com-
mands stored thereon and executable on the apparatus or the
computer.

What is claimed is:

1. A method for synchronizing a signal, the method
comprising:

receiving a reference time and performing time synchro-

nization with the reference time;

calculating a clock frequency of a system clock based on

the reference time; and

generating a sampling clock by using the calculated clock

frequency of the system clock and a preset sampling
frequency,

wherein the performing of the time synchronization per-

forms the time synchronization by receiving, from a
master device, a time of the master device as the
reference time, and

wherein the calculating of the clock frequency of the

system clock calculates, based on a preset unit time
interval, a clock number of the system clock in the unit
time interval and calculates the clock frequency of the
system clock by using the calculated clock number.

2. The method of claim 1, further comprising synchro-
nizing a phase of the generated sampling clock at a preset
phase synchronization time point.

3. The method of claim 2, wherein the synchronizing of
the phase of the generated sampling clock receives the phase
synchronization time point from the master device, which
provides the reference time, and synchronizes the phase of
the sampling clock at the received phase synchronization
time point.

4. The method of claim 2, wherein the synchronizing of
the phase of the generated sampling clock synchronizes the
phase of the sampling clock through resetting a counter,
which generates the sampling clock, at the phase synchro-
nization time point.

5. An apparatus for synchronizing a signal, the apparatus
comprising:

a communication unit; and

a controller,

wherein the controller is configured to:

perform time synchronization with a reference time

received through the communication unit,

calculate a clock frequency of a system clock based on the

reference time, and

generate a sampling clock by using the calculated clock

frequency of the system clock and a preset sampling
frequency,

wherein the controller is further configured to:

calculate, based on a preset unit time interval, a clock

number of the system clock in the unit time interval,
and
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calculate the clock frequency of the system clock by using

the calculated clock number.

6. The apparatus of claim 5, wherein the controller is
further configured to synchronize a phase of the generated
sampling clock at a preset phase synchronization time point.

7. The apparatus of claim 6, wherein the controller is
further configured to:

receive the phase synchronization time point from a

master device that provides the reference time, and
synchronize the phase of the sampling clock at the
received phase synchronization time point.

8. The apparatus of claim 6, wherein the controller is
further configured to synchronize the phase of the sampling
clock through resetting a counter, which generates the
sampling clock, at the phase synchronization time point.

9. The apparatus of claim 5, wherein the controller is
further configured to perform the time synchronization by
receiving, from a master device, a time of the master device
as the reference time.

10. A system for synchronizing a signal, the system
comprising:

a master device configured to provide a reference time;

and

a plurality of slave devices,

wherein each of the slave devices is configured to:

perform time synchronization with the reference time

received through the master device,

calculate a clock frequency of a system clock based on the

reference time, and

generate a sampling clock by using the calculated clock

frequency of the system clock and a preset sampling
frequency, and

wherein each of the slave devices is further configured to:

calculate, based on a preset unit time interval, a clock

number of the system clock in the unit time interval,
and

calculate the clock frequency of the system clock by using

the calculated clock number.

11. The system of claim 10, wherein each of the slave
devices is further configured to synchronize a phase of the
generated sampling clock at a preset phase synchronization
time point.

12. The system of claim 11, wherein each of the slave
devices is further configured to:

receive the phase synchronization time point from the

master device that provides the reference time, and
synchronize the phase of the sampling clock at the
received phase synchronization time point.

13. The system of claim 11, wherein each of the slave
devices is further configured to synchronize the phase of the
sampling clock through resetting a counter, which generates
the sampling clock, at the phase synchronization time point.

14. The system of claim 10, wherein each of the slave
devices is further configured to perform the time synchro-
nization by receiving, from the master device, a time of the
master device as the reference time.
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